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$\beta$ ( ) $|\psi\rangle$
$|0\rangle$ , $|1\rangle$ Hilbelt $\alpha,\beta$







$|\psi$ ) $|\alpha|^{2}$ $|0\rangle_{\text{ }}|\beta|^{2}$ $|1\rangle$
$n$ $N=2^{n}$
$n$
$| \psi_{n}\rangle=\otimes|\psi\rangle n-1i=0=\sum_{x\in\{0,1\}^{\mathfrak{n}}}\omega_{x}|x\rangle$ (2)




$U^{\mathrm{t}}U=UU^{\uparrow}=I$ $U$ . $U^{\uparrow}$ $U$
Hadamard $H$ 1
$|0)$ $arrow H\frac{1}{\sqrt{2}}(|0)+|1\rangle)$ , $|1 \ranglearrow H\frac{1}{\sqrt{2}}(|0)-|1))$ (3)
$|0\rangle$ $\equiv|00\cdots 0\rangle$ $n$ Hadamard $H$
$N=2^{n}$
$|0 \rangle H^{\Phi n}arrow\frac{1}{\sqrt{N}}$ $\sum$ $|x\rangle$ (4)
xE{0,1}
$f(x)$ : $\{0, 1\}^{n}arrow\{0,1\}^{m}$ $U_{f}$
$|a)|b)arrow U,$ $|a\rangle|b\oplus f(a)\rangle$ (5)
$a\in\{0,1\}^{n},$ $b\in\{0,1\}^{m},$ $\oplus$ $\{0, 1\}^{m}$ $7\mathrm{J}$ [ $b=0$ $|a\rangle$ $|0\rangle$ $arrow U_{f}|a$ ) $|f(a)\rangle$
$f(a)$ $U_{f}$








$N=2^{n}$ $N$ $x_{0},x_{1},$ $\cdots,x_{N-1}\in\{0,1\}^{n}$











1. $O$ $|a\rangle$ $arrow o(-1)^{f(a)}|a\rangle$
2. $D=-H^{\otimes n}I_{0}H^{\otimes n}$ $\text{ }|0$) $arrow-|0\rangle t_{0}$
$O$ (6) $b=1^{0}[perp]-[perp] 11\sqrt{2}$ $f(x)=1$




$|0 \ranglearrow H^{\Phi \mathrm{n}}\frac{1}{\sqrt{N}}\sum_{x\in\{0,1\}^{n}}|x\rangle$
2. $G=DO$(Grover ) $R\approx O(\sqrt{N}/M)$
(a) xi $O$ $f(x)=1$ $|x\rangle$ $\pi$
(b) $D=-HI_{0}H$








$\mathrm{Z}$ GCD 1 GCD
[2] $a,$ $b$ $\mathrm{Z}$
1. $varsarrow a,$ $b$ ;
2. if $vars=[]$ then return IGCD(a, $b$) fl;
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3. $xarrow vars[0]\ovalbox{\tt\small REJECT}$
4. $4 arrow 2\mathrm{x}\min(|a|, |b|)+2$ ;
5. $\gammaarrow \mathrm{G}\mathrm{C}\mathrm{D}\mathrm{H}\mathrm{E}\mathrm{U}(\phi_{x-\xi}(a), \phi_{x-\xi}(b))$;
6. $garrow \mathrm{g}\mathrm{e}\mathrm{n}\mathrm{p}\mathrm{o}\mathrm{l}\mathrm{y}(\gamma, \xi, x)$ ;
7. if $\mathrm{p}\mathrm{p}(g)|a$ and $\mathrm{p}\mathrm{p}(g)|b$ then return $\mathrm{p}\mathrm{p}(g)$



















$F,$ $G$ GCDHEU $\xi$ (1000




















1. 3 $|indexreg\rangle$ $|\xi reg\rangle$ $|answerreg$ )
2. Hadamard
$|0 \rangle|0)|0\ranglearrow\sum_{x}|x)|0\rangle|0\rangle$




$\fbox\text{ }\# 2$:answer ( ) Grover ( )
4. GCDHEU \equiv Q-\dagger answer
$arrow\sum_{x}|x\rangle|\xi_{x})|\mathrm{G}\mathrm{C}\mathrm{D}\mathrm{H}\mathrm{E}\mathrm{U}(a, b, \xi_{x})\rangle$
5. answer Grover $\mathrm{B}\emptyset \mathrm{y}\mathrm{e}\mathrm{r}$
6. answer
$\mathrm{R}\mathrm{i}\mathrm{s}\mathrm{a}/\mathrm{A}\mathrm{s}\mathrm{i}\mathrm{r}$ $F,$ $G$
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